An expected decrease in incidence of Wilson's disease due to recent decrease in consanguinity rate in the population was assessed based on 162 affected families collected in Japan. The estimated gene frequency was 0.0055 and the corresponding incidence of the disease in the period from 1945 to 1965 was around 1 in 20,000. This incidence is expected to have decreased to 1 in 30,000 in the early 1980s due to decreased consanguinity rate which is supposedly less than 1% in Japan. The proportion of patients from consanguineous marriage among all the patients is also expected to have decreased from around 40% to a little less than 10% during the same period.
INTRODUCTION
Incidence of a genetic disease under autosomal recessive inheritance is greatly influenced by the consanguinity rate in the population. Due to decrease in consanguinity in various countries over the past decades (Stern, 1973) , incidence of autosomal recessive disease is expected to have decreased. However, the magnitude of the expected change in such genetic disease, in spite of the general recognition of the notion, has not well been reported. The purpose of this report is to estimate the magnitude of the change in the incidence of Wilson's disease (hepatolenticular degeneration), which is autosomal recessive, based on epidemiological data collected in Japan where the consanguinity rate has been rapidly decreasing (Imaizumi et al., 1975) .
SOURCE OF DATA
Two hundred and eighty-nine families with at least one case of Wilson's disease were collected through mail questionnaires sent to all medical school hospitals and to the hospitals from which cases have been reported in medical journals or academic 250 T. SAITO meetings (Saito, 1981) . The majority of cases were born between 1945 and 1965. Of these collected families complete information on the following were obtained from 162 families: consanguinity of the parents, the number of siblings, age and health status of each member of the family including presence or absence of Wilson's disease, and if death has occurred, the cause and age of death. These 162 families were used for the following analysis.
METHOD
The gene tYequency of Wilson's disease was estimated first by the extended c/16-kF Dahlberg's formula (Li, 1976a) , q= (k-e)+(c/16-kF) , whereby q is the gene frequency in the population to be estimated, e is the proportion of first-cousin marriages in the population, F is the coefficient of inbreeding in the population, and k is the proportion of recessive homozygotes (the affected) from first-cousin marriages to those from all marriages. The value for k was estimated to be 0.3245 from the collected data. The majority of cases were born between 1945 and 1965 and the years of marriage of the parents were, on the average, 7 years earlier. Therefore the value for c during the relevant period was taken to be from 0.040 to 0.045 and the corresponding value for F from 0.0031 to 0.0035 judging from published data (Imaizumi et al., 1975; Schull and Neel, 1965) . Thus, the gene frequency was estimated to be between 0.00522 and 0.00596 and a value of 0.0055 was used for the following analysis.
When F is larger than 0.001 and changes drastically, the gene frequency also changes. The difference in gene frequency between the old and new equilibrium would be substantial. But such a change takes place gradually and slowly over more than a few decades (Cavalli-Sforza and Bodmer, 1971) . Therefore, the gene frequency was assumed to be constant through the 1940s to the 1980s in this analysis.
By this assumption the change in the genotype frequency and hence the change in the incidence due to change in consanguinity rate was calculated using the formulae qZ(1 -F)+ Fq for recessive homozygotes and 2pq(1 -F) for heterozygotes (Li, 1976b) . The change in the proportion of the affected children from first-cousin marriages c(l + 15q) due to change in consanguinity rate was calculated by a formula, k -16 {(1 -F)q + F}-which is algebraic rearrangement of the extended Dahlberg's formula. Table 1 shows an estimated change in genotype frequency and hence the incidence of Wilson's disease due to change in consanguinity rate. As the value of c and F decrease, the incidence also decreases. When c is 0.5~, the incidence is around 1 in 30,700 which is about two-thirds of the incidence when c is around 4.3~, the value used in estimating the gene frequency in the present study.
RESULTS
The change in the proportion of the affected children from first-cousin marriages to those from all marriages (k) is shown in Fig. 1 . When the proportion of firstcousin marriages in the population, c, is around 4.3~, k is 0.3245 which corresponds to the value estimated from the collected data. When the value of c is between 1 and 0.5~, which is the assumed value of c in Japan in the first half of the 1980s, k of Wilson's disease patients is between 10.8~ and 5.7~. The proportion of the affected children from first-cousin marriages to those from all marriages at various levels of c and F estimated by Vol. 30, No. 3, 1985 T. SA1TO
DISCUSSION
In estimating the gene frequency by the extended Dahlberg's formula in the present study, the terms c, F and k were assumed to be constant for the period of 20 years. Actually because of rapid decrease in consanguinity rate, the value of k has been decreasing in the collected data. However, the estimated gene frequertcies did not vary greatly when they were calculated separately in each 5 year period from 1945 to 1965 based on the values for c and F of published data (Imaizumi et al., 1975) and the value for k of this study. Therefore, the estimated gene frequency of 0.0055is not unreasonable. It is also quite compatible with an estimated gene frequency from 3.3 x 10 -a to 6.6 x 10 -a estimated by Arima and Kurumada (1962) based on reported cases in the literature and cases obtained through personal communication in Japan.
The result of this study provides the following findings. Firstly, the decrease in the proportion of patients from consanguineous marriages is almost proportional to the decrease in consanguinity rate in the range of change in the recent decades. Secondly, whereas the patients from consanguineous marriages were nearly 40~ in the 1940s and 1950s in Japan, they are supposedly a little less than 10~o in the first half of the 1980s when c, proportion of first-cousin marriage, in Japan is assumed to be between 0.5~o and 1X from the result of the study by Imaizumi et al. (1975) . Thirdly, higher frequency of Wilson's disease in Japan than in Western countries should not be ascribed to the higher consanguinity rate in Japan, given that assumed disease frequencies in Japan and in Western countries be correct (Walshe, 1984) . The assumed disease frequencies in Western countries ranged from 1 in 34,300 to 1 in 4,000,000 (Beam, 1960; Sternlieb and Scheinberg, 1968; Tschumi et aI., 1973; Rigardetto and Trevisio, 1975; Bachman et al., 1979; Danks, 1983) . Even when the consanguinity rate has approached those in Western countries, the frequency in Japan extrapolated from the result of this study would be still higher.
Despite the expected decrease in the incidence, Wilson's disease is still quite frequent as compared to other monogenic diseases currently under mass screening in Japan (Wada et al., 1984) . The disease is preventable and mass screening should be considered (Saito, 1981) .
